Rietveld refinement of X-ray powder diffraction data in space group P4/mmm and considering a two-phase mixture, due to the difference in the degree of hydration, with a = 3.894(2) Å and c = 17.90(8) Å for the most hydrated phase and a = 3.927(6) and c = 17.09 (2) for the less one. Optical band gaps were measured by diffuse reflectance UV-Vis indicating a red shift of Eg to the visible region. The oxynitride layered perovskite was then protonated and exfoliated into nanosheets. TEM images and SAED patterns of the nanosheets proved that exfoliation was successful, showing lattice parameters quite compatible with the Rietveld refinement.
Introduction
Layered perovskite oxides have been extensively studied because they exhibit a range of interesting properties including ion-exchange [1] , intercalation [2] , electronic/protonicconductivity [3] , superconductivity [4] , dielectric behavior [5] , photoluminescence [6] and photocatalytic properties [7] [8] [9] [10] . These materials undergo exfoliation upon reaction with several organic bases producing two-dimensional nanosheets [2, [9] [10] [11] that can be used as useful building blocks for preparing photocatalytic assemblies as a result of their high surface area and high versatility in chemical compositions [8, 12] .
Several authors [10, 13, 14] claim that these nanosheets, due to their low thickness (0.7-1.5 nm), allow that photogenerated electron and hole pairs can reach their surface without encountering obstructions, avoiding ''recombination'' and ''backward reaction''. On the other hand some authors [9, 15] call attention to compromise between particle size and crystallinity of a given photocatalyst, since the particle size can affect the number of surface reaction sites. According to them, the increase in the density of surface catalytic sites with a smaller particle size can be affected by the larger recombination probability induced by a lower degree of crystallinity.
It has been reported that nanosheets with triple perovskite blocks showed much higher photoactivity for H 2 evolution from aqueous 2-propanol solution than two-layer perovskite nanosheets. Such results suggest that the reactivity of holes in the valence band with intercalated molecules varies with the thickness of perovskite layers. [8, 9] Although several works reported these compounds as good ultraviolet (UV) photocatalysts, their large band gaps (>3 eV) inhibit significant photoactivity in the visible spectrum. Due to its lower electronegativity, the substitution of nitrogen for oxygen in such large band gap semi-conductor oxides leads to the insertion of 2p(N) states above the 2p (O) states at the top of the valence band, thus reducing the band gap and red shifting the absorption. Many colored titanium, tantalum or niobium-based perovskite-type oxynitrides have been so far reported in the literature [16] and some such as LaTiO 2 N or BaTaO 2 N have been extensively studied as visible-light driven photocatalysts [17, 18] . Using such strategy in a niobium based layered perovskite Dion-Jacobson phase can cause the reduction of the Bsite transition metal under the reductive ammonia atmosphere used for nitridation reaction [10] , but Schottenfeld and co-workers [7] through topochemical reaction, is studied. This proposition is illustrated in Fig. 1 . Moreover, the protonation and exfoliation of the new RP oxynitride are evaluated.
Experimental

Synthesis
The oxide Dion-Jacobson phase niobate KCa 2 
Characterization
Powder X-ray diffraction (PXRD) was performed by using a Bruker AXS D8 Advance diffractometer with θ-2θ Bragg-Brentano geometry, and monochromatic CuKα1 radiation (λ = 1.5406 Å). The FullProf software [21] was used to compare the experimental diffraction patterns with the theoretical ones, and to refine the unit cell parameters. Thermogravimetric analyses (TGA) were carried out in a SDT 2960 TA instrument. The powdered samples were heated to 800°C in a Pt crucible in N 2 flowing (3 L/h) at heating rate of 5°C/min. Diffuse reflectance UV-Vis spectroscopy were performed in a Varian Cary 100 spectrometer operating in the range 250-800 nm. The band-gap of the material (Eg) was extracted using the Kubelka-Munk formalism [22] ; the error on the Eg value is estimated to be 0.05 eV. Nitrogen and oxygen contents were determined with a LECO® TC-600 analyzer using the inert gas fusion method and calibrated using Leco® standard oxides and Si 2 N 2 O. Scanning electron microscopy (SEM) was performed with a field emission gun Jeol JSM 6310F instrument working at 7 kV. Chemical composition of the samples was characterized by by energy dispersive X-ray spectroscopy (EDXS) by using a Jeol JSM 6400 instrument operating at 10 kV equipped with an Oxford Inca EDS system. Transmission electron microscopy (TEM) was performed with a LaB 6 Philips CM200 200 kV instrument and a LaB 6 Jeol 2010 200 kV.
Results and discussion
After ammonolysis, the white oxide Dion-Jacobson phase KCN produced a bright deep yellow powder, that became a little clearer after 30 minutes of air exposition ( Fig. 2a and   b ), but remained stable afterwards. The protonation and the exfoliation steps did not promote significant changes in product color as illustrated in Fig. 2c and 2d. Tyndal effect (Fig. 2e) indicates that a colloidal suspension was obtained after exfoliation with TBAOH solution.
As depicted on Fig. 3a , a comparison of the XRD patterns of both oxide DJ phase and oxynitride RP phase confirms the topochemical interconversion during ammonolysis. While KCN presented an orthorhombic symmetry with Cmcm space group [10, 23] , KCN-N belongs to P4/mmm space group [7] .
The evolution of the crystal structure of the KCN-N phase exposed to air was followed by PXRD analysis (Fig. 3b) . The XRD sample was prepared in the glovebox and covered with a Kapton foil to avoid moisturization during the data collection. Then the Kapton foil was removed and the sample was exposed to air and XRD analyses were performed every 30 min for 4 h. The XRD profile of the sample which was not exposed to air confirms the formation of a tetragonal RP phase after nitridation but the diffraction peaks are broad and asymmetric.
Upon exposure to air, the RP tetragonal structure type is retained but we observed a progressive evolution of the profile of the diffraction peaks as they became thinner and more /N 3-sites were refined as oxygen atoms [7] . The refinement converged reasonably well to give R p = 14.0%, R wp = 17.9%, R exp = 10.85% and Chi2 = 2.72. It is understood that high reliability factors are not only due to the presence of the perovskite impurity but particularly to the low crystallinity of the less hydrated phase (KCN-N2) . The results are in reasonable agreement with those reported in the literature for other RP phases [7, 24] .
Kubelka-Munk method [22] was used to the calculation of band gap energies (Eg) from UV-Vis diffuse reflectance spectra (Fig. 5) . KCN-N and HCN-N samples had lower band gap energies relative to parent DJ oxide with Eg shifted to the visible region.
The TGA pictured on Fig. 6 indicates that while the KCN was thermally stable in the measured temperature range, the oxynitrides suffer weight loss, compatible with the literature [7, 25] . At lower temperatures (up to 100 °C) evaporation of surface adsorbed or some Several authors have already worked with the protonation and exfoliation of RP phase oxides [11, 24, 28, 29] . In general Ruddlesden-Popper phases are known to not intercalate organic bases [29] and without this ability of intercalation, the exfoliation cannot occur.
According to Gopalakrishnan and co-workers this inability would be structural in nature, resulting from the staggered perovskite layers rather than the intrinsic acidity of the interlayer protons. On the other hand Schaak and Mallouk [11] concluded, by evaluating the influence of the acidity of different phases, that RP tantalates are more reactive with bases than their titanate or niobate counterparts. In their results Ruddlesden-Popper titanates and titanoniobates have weakly acidic interlayer protons and exfoliate only to a limited extent.
Nevertheless regarding the literature there is so far no examples of RP phase oxynitrides successfully submitted to these reactions.
Conclusions
The topochemical ammonolysis of the Dion-Jacobson oxide KCa 2 Nb 3 O 10 in the presence of 
